We have isolated the major cell surface glycoprotein of chick embryo fibroblasts, CSP, and added it to a variety of transformed cells in vitro. The transformed cells become more elongated, often more flattened, and show increased adhesion to the substratum. Several transformed cell lines also align in striking parallel arrays. This alignment is characterized by a decrease in the amount of nuclear overlapping, probably indicating restoration of contact inhibition of movement. The morphological changes are antagonized by antibody to CSP. These effects of CSP are not associated with an elevation of cellular 3':5'-cyclic AMP. Moreover, the morphological reversion is not accompanied by an alteration in growth properties. Our results are consistent with a role for CSP in cell adhesion and morphology but not in growth control.
The major cell surface glycoprotein of chick embryo fibroblasts, CSP, is substantially decreased after transformation by oncogenic viruses. Similar proteins, designated "LETS" proteins, are decreased in other cell types after transformation (refs. 1-3; for other references see 4 and 5). We have isolated CSP and found that it will aggregate several cell types, including erythrocytes, embryonic chick cells, and transformed NRK (normal rat kidney) cells (6, 7) , suggesting that CSP may play a physiological role in cell:cell adhesion. The agglutinin activity of CSP is destroyed by treatment with proteases and chelating agents and is greatly diminished in transformed chick cells (7) . Since transformation is often accompanied by altered growth control, morphology, adhesion, and contact inhibition of movement, we investigated whether re-attaching this glycoprotein to the cell surface could restore a more normal phenotype to transformed cells. We find that CSP partially restores morphology, adhesion, and the alignment characteristic of untransformed fibroblasts.
MATERIALS AND METHODS Isolation of CSP. We prepared CSP from secondary cultures of chick embryo fibroblasts as described previously; the protein is essentially homogeneous by electrophoresis in sodium dodecyl sulfate with or without 8 M urea at pH 7 or pH 11 (ref. 7; unpublished) . We then added solid ammonium sulfate to 70% saturation and adjusted the pH to 7.4 with NH40H. After 30 min at 4°, the solution was centrifuged at 25,000 X g for 15 min . The pellet was solubilized in 1ko volume of buffer A (0.15 M NaCl, 1 mM CaCl2, 10 mM cyclohexylaminopropane sulfonic acid, pH 11.0) at about 1 mg/ml, dialyzed overnight against two changes of 400 volumes of buffer A, and stored at -70°. These conditions are optimal for maintaining a concentrated, nonaggregated preparation of CSP with high agglutinating activity (unpublished data); this solution was neutralized with HC1 just prior to addition to cells.
Cell Cytoplasmic Area and Nuclear Overlap Ratio. SVT2 cells were plated at 1 X I04 per cm2 on glass coverslips in CSP-containing or control media. After 48 hr they were fixed and stained with hematoxylin (9) . Cytoplasmic area was measured using the intersections of a 10 X 10 microscope eyepiece grid by the formula A = aCF/IN, where A = mean cytoplasmic area, a = area of the slide covered by the grid, C = number of intersections superimposed on cells, F = number of fields counted, I = number of intersections, and N = total number of cells.
Nuclear overlap ratio was determined by Weston's modification of the method of Abercrombie (9) , substituting the 10 X 10 eyepiece grid for the Chalkley array. RESULTS
Morphological Effects of CSP. Purified CSP significantly altered the morphology of all nine transformed cell lines tested (Fig. 1, Table 1 ). Controls receiving buffer A showed no morphological changes. The morphological alterations induced by CSP included cell flattening, elongation of processes, and parallel alignment of cells, generally resulting in a more fibroblastic appearance. After 8 hr with CSP, virtually all the SVT2 cells appear flatter and more elongated ( Fig.  la and b) . By 24 hr the cells are more bipolar and begin to align in parallel arrays, which become more prominent as the cells become denser (Fig. ic, d , and f). Flattening and alignment occurs at concentrations of CSP as low as 1 ,ug/ ml. These morphological effects also occur with a CSP prep- aration (7) not fractionated by ammonium sulfate. Furthermore, CSP purified by-absorption to and elution from sheep erythrocytes (7), and chromatographed on a Sephadex G-200 column at pH 11 in buffer A, also induces these morphological effects on SVT2 cells (Fig. le) . CSP also acts when added to cells 24 hr after plating.
Specific antibody to CSP antagonizes the morphological effects ( This concentration of antibody does not affect the morphology of SVT2 cells in control medium, and control goat antiserum (7) does not antagonize the CSP effect. Treatment of untransformed chick embryo cells with a 1:20 dilution of antibody against CSP results in rapid blunting of cell processes, rounding, and increased detachment from the substratum, suggesting impaired cell adhesion.
Chick embryo cells transformed by the Schmidt-Ruppin strain of Rous sarcoma virus are shortened and rounded and fail to align in parallel arrays. CSP treatment results in flattening, elongation, and ultimately marked alignment of these cells (Fig. 1i and j) . Similar changes occur when NRK cells transformed by Kirsten sarcoma virus are treated with CSP ( Fig. 1k and 1) .
Two other transformants, NRK cells infected with Harvey sarcoma virus and L929 cells, become flattened with elongated processes but do not align as the cells crowd together ( Fig. lm and n) . Two transformants that are already flattened, chick embryo fibroblasts transformed by Bryan hightiter Rous sarcoma virus and simian virus 40-transformed human WI38 cells, do not flatten further; instead their cell processes become more elongated. The two untransformed cell lines of epithelioid morphology, Balb/c 3T3 and NRK, do not flatten further, but instead display increased polarity and variable amounts of alignment ( Fig. lo and p) . (Table 3) .
Cell-to-substratum adhesion was measured by the resistance of SVT2 cells to detachment from the substratum in calcium, magnesium-free medium. After vigorous shaking for 5 Cell area of fixed and stained cells was determined as described in Materials and Methods. For each point, F = 15 fields, I = 9000 points, and N = about 3000 cells. Cell volume was determined with a Coulter cell counter equipped with a Channelyzer attachment to obtain triplicate volume determinations of cells trypsinized after 3 days under the conditions indicated.
treated with CSL-the difference is still over 5-fold after 10 min (Table 4) . This difference in adhesion to the substratum is apparent during routine feeding of dense cultures of SVT2 cells. Extreme care was necessary to prevent washing off the cells in control media; CSP-treated cultures were more firmly attached.
CSP Restores a More Normal Nuclear Overlap Ratio. The striking alignment of several cell types cultured with CSP suggested an increase in contact inhibition of movement (reviewed in ref. 10) . A quantitative measure of contact inhibition of movement is provided by the overlap ratio, the ratio of observed overlapping of nuclei to the overlapping expected if there were no contact inhibition (i.e., a random distribution of nuclei).
Nuclear overlapping is reduced over 4-fold by CSP ( (11), we examined the effect of CSP on cyclic AMP levels. CSP does not increase cyclic AMP levels even in highly aligned SVT2 cells (Table 6 ). In fact, the levels of cyclic AMP are slightly decreased in CSP-treated cultures. Thus, CSP does not act through cyclic AMP. Furthermore, there are differences between the effect of these substances on (13) , conditioned medium from revertant melanoma cells (14) , or material remaining on the substratum after removal of untransformed 3T3 cells (15 Mean + standard error of the mean of triplicate samples. SVT2 cells were plated in regular culture medium, then transferred to medium with or without 50 ,ug/ml of CSP or buffer A at 24 hr. Cultures were fed with these media again at 48 hr, and at 72 hr cyclic AMP was extracted and measured (16) . Fig. 1c and d The simplest hypothesis to explain the effects of CSP on transformed cells is that this glycoprotein adheres directly to both'cells and substrata. This property could explain the increased cell-to-substratum adhesion of CSP-treated cells, the cell spreading and flattening, and possibly the elongation of cell processes (if cell movement plus increased adhesion causes stretching of cell processes). In addition, increased cell-to-substratum or cell-cell adhesion could account for the restoration of a more normal overlap ratio by hindering the movement of a migrating cell under ( 
